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Description 

The present invention relates to an expansion unit 
for expanding the lumen of tubular organs, such as for 
example, a Wood vessel, a digestive tube, an air tube. 5 
etc.. and an apparatus for indwelling and withdrawing 
the expansion unit 

Conventionally, expansion units (stents) have been 
proposed to maintain the inside diameter of the lumen 
of a tubular organ so as to prevent, for example, a coro- 10 
nary artery from relapsing into a constricted state after 
it has been dilated and indwelt by an angiectasta cathe- 
ter. 

A conventional expansion unit as disclosed in Jap- 
anese Patent Examined Publication No. 61 -6655. uses is 
a unidirectional shape memory alloy made of Tl-Ni 
binary alloys. A tube, previously having almost the same 
inside measurement as that of a normal blood vessel, is 
shaped before its shape is memorized in the shape 
memory alloy. After the outside diameter of the shape ao 
memory alloy is reduced for easy introduction into a 
desired location of a Wood vessel, the alloy is heated in 
warm water and the like to be expanded and recovered 
so as to return to the memorized shape. 

Document US-A-4 503 569 discloses a tubular 2s 
organ expansion apparatus for indwelling a tubular 
expansion unit in a lumen of a tubular body organ. The 
expansion unit is made of a shape memory alloy and in 
particular is a coil wire made of NrtinoT* afloy. The wire 
is heated until its crystal structure assumes its high tern- 30 
perature austenrte conf iguration also known as the beta 
or parent phase. Next the wire is cooled so that the 
atoms in the metal rearrange themselves into a crystal 
structure known as martensrte. The coil wire will revert 
to the large diameter configuration when heated to a 35 
temperature at which the crystal structure reverts to the 
parent phase and will retain this shape unless it is 
cooled below a temperature at which martensite trans- 
formation occurs. Such an alloy is a unkirectionaJ 
shape memory alloy. 40 

(A) For example, in the work of in dwefl ixj the 
above-described conventional expansion units into 
a desired location of the blood vessel, the expert* 
sion unit is attached to the distal end portion of a 45 
catheter and inserted to the desired location in a 
blood vessel using an X-ray transmission. It is 
therefore desirable to provide high contrast for X- 
rays when inserting and indwefflng the expansion 
unit in the desired location of tubular organs, such so 
as a blood vessel. 

However, the expansion unit is thinly built 
because of its inherent functions, such as maintain- 
ing the inside diameter of a blood vessel after being 
indwelt in the blood vessel to keep a stable blood 55 
flow. For which reason, poor contrast is provided for 
the unit 

Further, it is oSfficuft to say from the viewpoint of 
material that a shape memory alloy, for instance. TV 



Ni binary alloy. corrprising the expansion unit pro- 
vides high contrast. 

(B) Also, in the course of indwelling the above- 
described conventional expansi n unit made of the 
unidirectional shape memory alloy into a desired 
location in a blood vessel, as a normal practice, a 
guiding catheter is first dwelt in the vessel and then 
the expansion unit slided toward a desired location, 
while simultaneously passing through the inside of 
the guiding catheter. In this case, however, since 
the expansion unit is slided through the narrow 
inside of the guiding catheter without a protective 
wrap around it the expansion unit may get caught 
or deformed midway through. Furthermore, 
because the guiding catheter is generally very rigid, 
it cannot travel through a bend in the periphery in 
the blood vessel. Therefore, when a desired loca- 
tion for indwelling is farther away from the bend, the 
expansion unit may get caught and deformed mid- 
way through because the unit without a protective 
wrap around it. together with the catheter, slides 
inside the vessel. 

The expansion unit, which has already been pro- 
posed by the inventors of this invention, made of bidirec- 
tional shape memory alloy, is epoch-making as an 
expansion unit capable of changing indwelling positions 
and withdrawal. That is. the expansion unit is character- 
ized in that a bidirectional shape memory alloy, in which 
two reversfcle memory shapes, high and low tempera- 
ture sides, appear reversibry on the borderline of a cer- 
tain tran s form ati on point is expanded diametrically to 
obtain the inside measurement of a blood vessel and 
the Hke at around body temperature, and is capable of 
travelling inside of the blood vessel by being contracted 
diarnetricaily at or below body temperature. However, 
the abo*4escribed expansion unit slides through the 
narrow inside of the guiding catheter without a protec- 
tive wrap around it As a result the expansion unit may 
get caught and deformed midway through. Moreover, 
while the expa n s ion unit sfides inside of the guiding 
catheter, a large amount of coding water must be fed to 
keep the expansion unit contracteoV riarnetrically. Fur- 
ther, as is theeame with a urndrectional shape memory 
alloy, the guiding catheter is too rigid to travel through a 
bend in the periphery in a blood vessel. Therefore, 
when the expansion unit is inserted after the guiding 
catheter is removed or when a desired location for ind- 
welling is farther away from the bend, the expansion unit 
may get caught and deformed midway through because 
the unit equipped with the catheter slides through the 
inside of the blood vessel without- a protective wrap 
around it and a large amount of cooling water must be 
fed to keep the expansion unit connec t ed ciametricafly. 

It is therefore an object of this invention to provide 
an expansion unit made of a bidirectional shape mem- 
ory alloy, which allows high contrast for X-rays, to insert 
and indwell the expansion unit into a desired location of 
tubular organ. 
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It is another object of this invention to make it pos- 
sible for the expansion unit to travel smoothly and read- 
ily through the tubular organ. 

According t th invention, th re is provided a tubu- 
lar-organ expansion apparatus for indwelling a tubular 
expansion unit in a lumen of a tubular body organ com- 
prising the combination of: 



cylindrical body comprises metals of a higher density 
than the Directional shape memory alley plated ther- 
eon. 



a tubular organ expansion unit consisting of a cylin- 
drical body of a given contrast made of a bidirec- 
tional shape memory alloy having a given density 
which is insertable into a tubular body organ and 
capable of maintaining an inside diameter of a 
lumen of the tubular body organ, said cylindrical 
body being capable of reversibly achieve an unex- 
panded state of a given radial dimension and out- 
side diameter in a first temperature range below 
body temperature and an expanded state of an 
increased given radial dimension and outside diam- 
eter in a second temperature range around body 
temperature; 

a catheter including a base portion having an out- 
side diameter, a distal end portion having an out- 
side diameter, an outside portion having an outside 
diameter and a tubular-organ expansion unit 
attaching portion having a periphery in the vicinity 
of said distal end portion tor attaching said tubular- 
organ expansion unit to said catheter; and 
- a catheter sheath having first and second open end 
portions sheathing said tubular-organ expansion 
unit when said tubular organ expansion unit is 
attached to said tubular organ expansion unit 
attaching portion, said catheter sheath comprising 
a flexible catheter tube having an inside diameter 
smaller than the outside diameter of the tubular- 
organ expansion unit in its expanded state but 
larger than the outside diameter of the tubular- 
organ expansion unit in Its unexpanded state, said 
tubular-organ expansion unit being fixed to the 
mside of saxj sheath when the ca>rnbmation of said 
tubular-organ expansion unit, said catheter and 
said sheath is held at a temperature within said sec- 
ond temperature rang* so that said cornbinatfon 
can be introduced as a whole in the vicinity of the 
'"dwelling location of said tubuiar-organ expansion 
unit. 

In an embodment of the present invention, the 
cylindrical body of the tubular-organ expansion unit is 
coil -like. 

In another embodiment of the present invention, the 
cylindrical body has a cross section of helical shape. 

In another embedment of the present invention, the 
cylindrical body is slit lengthwise. 

in another embodiment of the present invention, the 
cylindrical body is mesh-like. 

In another embodiment of the present invention, the 
cylindrical body is made by thin woven-shaped wires. 

In another embodiment of the present invention, the 



In another embodiment of the present invention, the 
s cylindrical body comprises metals of a higher density 
than the bidirectional shape memory alloy, wound or 
pressed thereon. 

An expansion unit made of bidirectional shape 
memory alloy according to this invention is expanded by 
'* ©external force or® the effect of recovery in relation 
to a memorized shape based on temperature differ- 
ences, to obtain the inside measurement of the lumen of 
tubular organs after being inserted under contrast of X- 
ray transmission into a desired location in tubular 
15 organs such as a bloodvessel. 

Thus, the expansion unit provides high contrast for 
X-raysby plating or pressing at least part of the cylindri- 
cal body of the expansion unit with metals whose den- 
srty e higher than that of the bidirectional shape 
20 memory alloys. Accordingly, the expansion unit inserted 
into a tubular organ provides contrast tor X-rays and is 
inserted and indwelt in the desired location of the tubu- 
lar organ. 

As regards the bidirectional shape memory alloy 
25 the expansion unit according to this invention, 

tor example. Ti-Ni binary altoy (cornposition: Ni atomic 
percent 50-53. preferably. 50-51 . transformation starting 
point: As 30-45'C. M, 10-30'C) is preferable. 

Atea in this invention, such metals as Cu Ag Pt 
30 and Au whose density is higher than that of the bidirec- 
tional shape memory alloy are preferably used for 
increasing X-rays contrast 

As previously stated, the tubularagan expansion 
apparatus tor indwelling the tubular-organ expansion 
35 unit in the lumen of a tubular organ, comprises a unit 
naving a substantially tubular body made of a bidirec- 
tional shape memory alloy and capable of changing fe 
radial dimension in response to a change in tempera- 
ture, a catheter where the tubular-organ expansion unit 
40 can be attached to the periphery of a unit-attaching por- 
tionin the vicinity of the distal end portion of the cathe- 
ter, and a catheter sheato ln .with both ends thereof 
opened, into which the attached catheter with the tubu- 
lar-organ expansion unit can be sheathed. 
« a preferred emtaSrne^ 

the catheter is provided with a passageway attending 
from the base portion thereof to at least a location in the 
vicinity of the distal end portion thereof, and with side 
pores or slit-like communication apertures on the unit- 
50 attaching portion in the vicinity of the distal end portion 
thereof tor providing communication between the pas- 
sageway and the outside of the catheter. 

Preferably, the outside diameter of the base portion 
and thecfistal end portion of the catheter, or the outside 
55 diameter of the base of the catheter, are larger than that 
of the tubular-organ expansion unit attached to the unit- 
attaching portion. 

In another preferred embodiment of the present 
invention, th catheter is provided with the lumen of the 
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catheter extending from the base portion thereof to at 
least a location in the vicinity of the distal end portion 
thereof, and with a hollow hub on th bas portion tor 
communicating with the lumen of the catheter th pas- 
sageway being defined by the lumen of the catheter and , 
the lumen of the hub. 

The hub preferably comprises a branch hub having 
twoports and one of the ports being provided with a 
check valve. 

The catheter may also preferably be provided with ,o 
at least one X-ray non-transmission marker in the vicin- 
ity of the distal portion thereof. 

An X-ray non-transmission material may be mixed 
within the material of the catheter sheath, or the cathe- 
ter sheath may be provided with at least one X-ray non- is 
transmission marker in the vicinity of the distal end por- 
tion thereof. ^ 
The catheter sheath is preferably constructed wrth 
me lumen of the sheath extending to both distal end 
portions thereof and with a hollow hub. having a check x 
valve, at the base thereof for communicating with the 
lumen of the sheath. 

According to a further embodiment of the invention 
the inside diameter of the catheter sheath is smaller 
than the outside diameter of the tubular-organ axpan- aj 
sion unit, whereby with both ends of the catheter sheath 
opened, the attached contracted tubular-organ expan- 
sion unit, can be sheathed. 

Preferably, the catheter has the same outside diam- 
eter as the unit-attaching porter in the vidnhy of the jo 
distal end portion thereof, which is equal to or slightly 
larger than the inside diameter of the tubular-won 
expansion unit when the unit is contracted, and is capa- 
ble of attaching the tubular-organ expansion unit to itself 
at substantially below body temperature. „ 

Preferably, the outside diameter of a base portion 
and a distal end portion of the catheter, or the outside 
diameter of the base portion of the catheter, are larger 
than that of the tubular-organ expansion urtt attached to 
the unit-attaching portion. „ 

In the present invention, when the expansion unit is 
"jade of a bidirectional snap, memory atoy. in an 
embodiment, a substantially coriMike or mesh-like cv8n- 
dncal expansion unit having an outside tfamater 
almost equal to or shorter than the lumen of a tubular 45 
organ for the unit to be Indweft. which is memorized 
substantially below body temperature. isutJized. mthe 
expansion unrt made of the bidwctional ehape memory 
alloy, the outside diameter, which is substantially equal 
o or somewhat longer than the instie diameter of a so 
tubular organ for the unit to be expanded and indwett at 
around body temperature, is memorized. While the 
expansion unit is attached to the catheter, the unit is 
sheathed into a catheter sheath. The expansion unit is 

tion of the tubular organ directly or with the aid of the 

"Hi"" * mea ™ * *• cwTttnatton of the 
catheter and the catheter sheath. 

That is. a guide wire is inserted by a Known tech- 
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wnto me tubular organ where the expansi n unit is 
to est. and then, along the guide wire, the expansion 
unit ,s readily inserted into the desired locatioToTm 
tubular organ directly or with the aid of the guiding oath- 
*"l mean * °* «• combination of the catheter and 
S Mth im ° th9 According^ 
**™T°°- 31 ** ^ 01 «theter 

sneeth the expansion unit, while it is being attached to 
*e catheter, is firmly maintained in the sheath. There- 
fore, a large amount of cooling water is not required for 
winding me expansion unit around me catheter tightly 

ZZT^HHt contracted. Th^ 

paftem-s discomfort is thus reduced. Because of me 

™-^l! 9,h - ** a * pan8ion unrt * "°t directly 
Wed to me guiding catheter or me tubular organ so 
Jatthe unrt does not get caught or deformed midway 
ft^/ T 6, b6CauM *° shaathis 
JS£ r5HT% M'-'***™*** expansion unrt 
and the catheter, through the bend of a blood vessel 

The expansion unit inserted according to me 
abeve-desenbed procedures is supplied wiS ceding 
water from the catheter sheath and/or the catheter to be 
wound around the catheter. UrxJer mis condition. arte! 
me unit « projected out of the catheter sheath, me sup- 
ply of the cooling water is stopped. As a result, the 
expansion unit is heated and expanded by body termer- 
ature. and indwett in me deirlrftocatxyT 

Moreover, me withdrawal of the expansion unit thus 
•"dwelt in the desired location is performed according to 
me following procedures. The guide wire is frst passed 
the location where me expansion unit is indweft and 
along with this wire, me catheter, together wrth the cath- 
sheath, is inserted into me indwelling location. The 
the catheter is then projected out of 
me cameter sheath. The cooling water is fed from me 
catheter and/or catheter sheath for winding me expan- 
sion unit around the location where the unit is to be 
atfcched so as to contract me inside diameter of me 
unrt The wound expansion unit is withdrawn together 
with the catheter into me catheter sheath. In this case a 
smal amount of cooling water is sufficient Further 
me expansion unit « puled into the catheter 

deformed midway through. 

In a preferred embodiment in accordance wrth mis 
invention, the catheter is provided wrth a passageway 
extending from its base portion to at least the location in 
me vicinity of me dstal end portion and wrth communi- 
cation apertures, which connect me passageway and 
^•aurtaceof the end where the expansion unit is to be 
attached. When the expansion unrt. made of me abeve- 

T^^T^ 8hap * mamory ** • inserted 
or withdrawn, the cooling water may be fed from me 
communication apertures. 

In this invention, me bidirectional shape memory 
alloy means me alloy where previously memorized 
shapes at high and low temperatures on me borderline 
of a certain transformation point appear reversibty 
according to changes in temperature. 
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As regards shape memory alloy used for the expan- 
se unit according to this invention, for example. Ti-Ni 
brnary alloy (composition: Ni atomic percent 50 - 53 

P TJH^1 50 * 51 ' transterm «i°n starting point . As 30 
• 45'C. Ms: 10 -30'C) is preferable. 

The indwelling of a tubular-organ expansion unit 
made of a bidirectional shape memory alloy which 
changes diametrically in size in response to a change in 
temperature, into the lumen of a tubular-organ will now 

»LK ned - Th9 tUlu,ar -»9«'" expansion unit is 
attached to the periphery of the unit-attaching portion 
arranged in the vicinity of the distal end portion of the 
ca*eter. Thereafter, the combination of the catheter 

^Ul , a ^ 6d tutXjlar - <Jr 3 an expansion unit is 
sheathed within the catheter sheath having both ends 
opened, and the whole is then inserted into a desired 
location of the tubular organ. The catheter and the tubu- 
ar-organ expansion unit are projected out of the cathe- 
ter sheath and the tubular-organ expansion unit is 
«Panded by heat of the body tor indwelling into the 
desired location. * 

Withdrawal of the indweiled tubuiar-organ axpan- 
swn unit will now be explained. After the common <* 
he catheter and the catheter sheath is inserted into a 
location where the tubular-organ expansion unit is to be 
'"^f- 109 end portion of the catheter is pro- 
jected out of the catheter sheath, the tubular-organ 
expansion unit then being reduced in size by the feeding 
of cooling water from the catheter sheath and/or the 
catheter in order to be wound around the unit-attaching 
portion of said catheter, and the wound tubular-organ 
expansion unit, together with the catheter, is withdrawn 
ir»de the catheter sheath. Thecerrttnatjonofthecath- 
eter withthe attached tubular-organ expansion unit and 
!L ^!? W *' Sh9ath hayinQ *** ends opened, into 
t tT e ? hat9r * StlMm * 1 also be inserted. 

2ST£? ™ " 8 guWn « I 1 ""* indwelt 

n the tubular organ, into a desired location of the tubu- 
lar organ. The catheter and the tubular-organ expansion 
unrt are projected out of the catheter sheath and the 
^"•"flan expansion unit is expanded by heat of the 
body for indwelling into the desired location 

ca *2) i Sr y * e combina1ion <* *• «heter and the 
cafteter sheath may be. through the lumen ofaguiding 
catheter already inowelt in the tubular-organ, inserted 
into a location where the tUUar-organ expansion unit 
hasyeaoy oeenw^ TtmamZJ£!£VZ 

^^HJH Proi "* d ou,oMh# eheeth. the 

tubular-organ expansion unit then being reduced in size 

and/br the catheter in order to be wound around the 
unrt-anaching portion of the catheter, and the wound 
tub^ar-organ expansion unrt. together with the catheter 
is withdrawn inside the catheter sheath. 
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expansion unit of a second embodiment in accord- 
ancewith this invention; 

FIG. 3 (A). (B) is a perspective view depicting the 
expanson unit of a third embodiment according to 
this invention; 

FIG. 4 (A). (8) is a perspective view illustrating the 

HQ. 5 is a cross-sectional of an embodiment of an 

apparatus according to this invention; 

"a 6 (A). (B) is a side view showing the expansion 

FIG. 7 is a side view illustrating a catheter; 

FIG. 9 (A) to (E) « a schematic illustration showing 
iS-JJ- «" Processes of inserSng and 

FJQ- 10 is a schematic illustration showing the 
«qoer»on unit in another process of inserting and 
witndrawing. 
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FK3. 1(A). (B) is a side view snowing an expansion 
unit of a first embodiment according to the present 

invention; 

FIG. 2 (A). (B) is a perspective view showing th 
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An expansion unit 10 (hereinafter referred to as a 

^LL^T^T C « nS ** s y (coil-like in this 
^x*n«rrt) formed by a bidirectional shape memory 

ZZlZZ" a££ 
ancewrth changes m temperalur,. The measurement of 
the stem :i o in its matrix is set to a small er size than that 

S^tK? *Z - Mood vessel 1 1 

(Refer to FK3. 1(A)). The stent 10 is further expanded 
' chametncaliy (Refer to Fia 1(B)). 

h-.K Th *. di8taJ porton °* cylindrical stent 10 is a 
S^H^JS^ 10a ^ ^oortrast portion 10a 

derwrty (for example. Cu. Ag. Pt and Au) than the shape 
rn^mory afayewrprising the stem 10. The high contrast 
Ponton may bo at the rear end of. or at the center of. or 
« any two Points of the stent 10, or the whole body of 
the cylindrical stent 10. 

^Thus. the stent 10 inserted into the inside of the 
Wood vessel 1 1 definitely provides contrast under X-ray 
and can be indwelt into a desired location. 

mmwy ProPertea in accord- 
awe with the present invention, the shape memory 
afloy used in the present invention is a bidirectional 
shape memory atoy. in which two reversible memory 
snapee. i.e.. high and low temperature sides, appear 
^ren*ly on the borderline of a certain transformation 
pant when is expanded diametrically to obtain the 
inside diameter of a btood vessel and the like at around 
^temperature, and which is capable of travelling 
inside of the btood vessel by being contracted diametri- 
cally at or below body temperature. 

As regards the shape of the stent 10 according to 
"tie wve ntion. other than the coil-tike stent 10 of the first 
embodiment subetantialy cylindrical things are 
included. •Substantially cylindrical things- in this inven- 
tion mean things which have a surface contacting with 
at least part of a lumen tor expanding and maintaining 
the lumen of a tubular organ. 
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contract (F.Q. 2 2? J" 98 ,0 

403 a high corC^rtL W) ' 

50a indicates a hi 0 h contrXoXn ^ NUmenU 
(FloT^J " a mesh -'"« manner so as to contract 

shape memorv a iirJZ *L tha m ' n wees of the 
wires ofVe^ be7i^° n6 COmPfiSinfl 

Au in the soluti oTr^S tT 6 ^ plata0 " 

« m. section where pJJTTw Si5 !' 

then the Au plated stem beccW 3 ' 

^OandthecaSnSa"?^ "* 

As shown in FIG. 8 f A) fBl <h* >t~* < ... ■ 
substantially, in a cylindriil uL HfT^ 10 * 
wire of a fJ WolrertSISl!? * " "» 

<*nary). The «M1^£^2^ 

in shaped at mZSSSX^^ 
30 • 35 'C) (FtQ « ran ~J. wmp * llt '« (tor example, 

i" ^ shape'S^^S^ 
example. 15 - as^cwra rTT»» , " np * rture (** 
^ir^a,^^^ 
cent about 51. a wall Se*^™ M atom,c P»" 
™>- the inside nSSSS 2? IT*" * 1 
32'C. ^ and to 02.8mm at or over 

^S^SS^^ - - mm no 
wropnateJy determined by the inside diameter 
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Z 'rCTthe ■ T" "*» ■» stem is to 
a location wherein * •» <o 

Hiesh-likecraheiicals^ aSforexamp,e ' ir, a 

*- *• HO be 

EVA or PVC, 

P** Polycarbonate or r**-^_Y 0,1 
«*« er U»^Jl£^ ane > 81 base of the 
■no from £££ S^hT^ 9 M ^ 

a stent-attaching portion 12a *~ v^^ efy 
Porton of the c«fSl7nS 12? 10 dtoal -nd 
The catheter 120 also orouMo. , 

-ns«1eofthehub122 ThestSf^L 81x1 the 

•he catheter tube ,7i 1^^!?^ 123 ^ 
side Doree-ian r ^"wo with a large number of 

^^zx^z^zzz oom - 

J ft JJ25. The communcrto,, ap^tura, ^ ^ 

« and por**, of mTZJTshtX "^IfL" 1 *• ** 

tw locations of lhi«L ^ f «ore«eopy and the rela- 

^^"^»V«ndneal body 122A anda branch 

oranched at the canter of the bodv 122A th- 
*ar cylindrical bodv 122A 7. ^ ,n " 

aude *ir. a £1 l " 80 «itrance tor the 

nude wire. A check valve 128 (made of a flexible matJ 
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rial, such as silicone rubber} » am5 , , 

opening of the base ofSvJ! <**• ( ° the 

age and ft. itoaZZfZ^ ° w 

equipped w^ r * ^ 9 ££ ^ ^ 
introducing coding watJ£d7eS ^ * ^ fer 

example. PVC SvX~^L° Pen8tl (made * *» 
and » h«i.I! u yemylene 80(1 "uorocarbon resini 
ana a hollow sheath hub 132 tmari* JT ' 

combination of theetenti fnT^l* mMn « * the 

*•«. 130. -la^^^t^T^ 
ton, the cootina water i^-TZT^. ,nd ** ln 0 

«em * achi^Jo^^'?**^ of the 

reduced bv th« weornfert wtfl be greatly 

^~^^«^amourto<coo^wat» ro ™"^ 
The sheath h..fr ibj r« faqua-ed. 

*ed with . c^-l 1h rj , ? , ** ,h « h '30 it 
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• • iik gf j 

• <** veJve 133 * — 
the camber 120 within 



andiheihe. ^ ~ Wlr *^of acwttrestrnedium 

now Sde^C abW *^ rt ^- •"^odiment w* 

Tne expansion system 101 hHhertod«.»k— 
Pnsae the stent 110 mad. of m.^,^f^f° m " 
««oy. whs,, tn^ots^^^.^ 



the catheter sheath isTwhi^IL !? 8h8athed ir *> 
drawn from a desired loi^sC??, ^ 

•hen. along the^S^ tn* 9 ^ " * 
inserted^ ft-X^T^?™ 110 * 
oombination (ReferTp* ST * ^ ,he 

As shown in FK3 g^ Li-h ^ . 
a < r *XY a axTtxr^JTr* 9811 * "^oducing . 

may be acceptable^ as JCL ^ » 
• ^^200^^^^^»uid. 

ojann. jnd men insen^t^^ 
"owevsr. the guiding catheter 200 can hJjT^ 
•hrough a bend in the pertaherv ^ ^TJ^ P* 88 
of its relative Lffn^T^ 9,0 bteod VMM ' 

hand tn the desire in«*^ JTL fn ° W6 « before- 

from the irrfweflirw 18 »"* 

«necc^^^5^^f««^ catheter^ 

« ^- catheT^el^^ aielf 120 ^ 

ft. 

* t^tofteaZte/s^;,^^ 6 Catfleter 120 
th.cath«er Cr^^^ rt is ^ 

wmrfng the stent armnH ^ "IT a2e - 48 

m^ftroo^ ^ ^"0 oaught or drtcrnSd 

The stent 1 10 thus insofar* in*« - • 

the stent 1 lO tair^lT,^ *• tocatoo 

sheath 130 b> «~-*Ja I?T^ 1 20 and the catheter 
'J?* l "** t * J '"to the location. Tne distal and 
Ponton of ft. catheter 120 i. than projected eTo,T 
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catheter sheath 1 30. The stem 1 10 is reduced in size by 

%LZT° Wat8f ,8d ,h « sheath ,30 

*^ e e <^'^ apertures 1 25 of the catheter 
120 and is wound around th stem attaching port n of 
the catheter 120. The wound stent 110 canbe wrth , 
drawn * bejng pulled int0 me ^"J, 5 

together wrth the catheter 120. In this case tcHily a 

hi Pu ' led into me *"*ath 130 can 

be defjnrtely withdrawn without being caught or , 0 
deformed midway through. '° 

[Example 1] 

A stent made of bidirectional shape memory allow r* 
was .newer, and ^thdrawn. using SSZ^aS 

The material of the stent was Ti-Ni binary alloy 
Jppro»mately 51 percent Ni atoms), and theshape ^ 

was formed into a sp.ral. as shown in FIG. 1. The stem 
T a Tj%: * *o 2.16 mm at or unoiS 

8 mma,0rov «' 32-C. Two gold markers 

1° 02 mm ' 10mm) were fbredto 
the both ends df the stent 

ylene^ a e r^I W l m L^^ W8aU ^ rt P^«*- " 
yiene and EVA, and the shape of the catheter was at 
shown in FIG. 5. ^* ** . 

was^ n?^ C ° mp08rtiCn 01 me sheath 
was 100 parts by weight of polyvinyl chloride. 50 parts 30 

IVwagWofBijOsarxJaepartsbyw.igW^e^S; 

eter 3.0 mm. .ns.de diameter 2.6 mm and wall thickness 
0.2 mm) was as shown in FIG. 5. 

The stem was indwett and withdrawn In accordance 35 
with the following procedures. ««waence 35 
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the catheter sheath was withdrawn 

©Thirty minutes later, along the guide wire th 

«mbma t ,on of the catheter and L shaaT'was 

iXTJZL * ****** atone was inserted 

X 8 ,ndWe " infl location - w ^ by the 
feeding of the cooling water 

®*" W ft , rt a W ^ COn ' irmad *«« was wound 

sTe^VfT* 9,8 """^ <W» w«h the 
stent was pulled into the sheath. The feeding of the 

22" 21 *« «W and £ 

together wrth the sheath was pulled out of the dojs 
body, thus completing me withdrawal operation^ 



&. were per- 



The above procedures, from fl> to , 
farmed by using X-ray transmission. 

By the above-mentioned procedures, it has been 

[Example 2] 



£ 80 mg of aspirin and 50 mg of d**ridaniol were 
orally administered to a mongrel dog (17 kg, on* 

© Under genera* • MMikl^^^ ^ • •• 
heparinbed (200 U^)e«#i>f ) ^|gig^^ 
weft by a Know technique * «f a fc fr ^ frfr^ ' 
® ArepladngguJbliVr»W*mfa^^ 
technique ^*1^^^if5ro " 
IS ^P" 08 * *« cnaeen in trttcasT : 

® The«»rr«h«aonof the stM the eatheteTaitf 
the sheath (Re^teFKl 1)wMlr«erts7^*5 

ST* h ^ j ^^ , ^ , ^" in « 50 

® 30 rrtf per rrtrute of the c««no w«by ( «». 
cooled Phy-iWofli^^so^j^^^, -r 

cameter side pores (corrnnuntoation apertures) to 
contract me stent w 

®^ 18 ^ ie to' ** ««hed out of the aneam to " 
move it to me location where the catheter was to he ; " 
■"dwelt The feeding of the cc^waS w£ 
stopped to expand and indwell me stem, and men 



me f £t*J^^ *• same ««W«onas 
O olTnTZS * ^ (^1 thickness : t - 
« SIlT' 3§S : w " 1 •* «nown « FIG. 1 . and 

or cvLTm 5 * 0 28 " W J"* a tomperature at 
orow 32 «C wae inserted or withdrawn, a guiding 

S^JZ K Sr^- ltm <«««natiorw2 
guded by the guiding catheter. 

bnJII!!! 1 "^??* «^ catheter was made of 

2E^^*T diam<rtaf <* *• catheter 
was 03.O mm and the inside diameter 02.4 mm 

aB ^"^^ Cathaar shealh was the same 
"^**^«««- the out*, dimeter «5 
thesheaih was 0 2.0 mm and the inside diameter 01 .8 

vierJ^l^r 1*? C 1H*~ « "end of pciyth- 

the ^T^T* me «em. 

^ ^ " nd c " tnt,,r ^"t" «» firmly guided 
^^2^ h *" f * a poim in m. btood vess^ 

m^in?lS!^*! n ^I d irt ° ^ Wood after 
w^il ^ *" ^ me S^ino catheter 
!! M w tt ^ w-t A » « 'eeult. it was proved that me stem 
could be easily indwelt and withdrawn. 

ton accordina to Present ,nven- 

fcrns utriaed tor maintaining the inside measurements 
lurn^n of ^ tubule organ ai for example, a 
blood vessel, a dgeMve tube or an a» tube so as topre- 
vem a «rc«jry wtary from relapsing into a constrictsd 

t^XZ^ *~ ****** " 

ir^B^^f^^ 10 w « invention is used for 
ln *«"^J and wrthdrawing the afcrwrysmioned axpan- 

»on unit 
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atubuiar expanse unit in a lumen of a tubular 
body organ cortprising the cognation of: 5 

a tubular-organ expansion unit (1 10) consist™ 
of a cylindrical body of a given contrast made of 
a bid.r6ctional shape memory alloy having a 
3<ver> density which is msertable into a tubular ,o 4 
body organ and capable of remaining an 
made diameter of a lumen of the tubular bodv 
organ, said cylindrical body being capable^ 
reverstoty achieve an unexpended state of a 
g>yen radial dimension and outside diameter in 
a first temperature range below body tempera- 
ture and an expanded state of an increased 
given radial dimension and outside diameter in 
a second temperature range around body tem- 
perature; 

• a catheter (120) including a base portion hav- 
ing an outside diameter, a distal end portion 
having an outside diameter, an outside portion 
having an outside diameter and a tubular- 
organ expansion unit attaching portion (123) 
having a periphery in the vicinity of said distal 
•na portion for attaching said tubular-organ 
expansion unit (110) to said catheter; and 

• a catheter sheath (130) having frst and second 
open end portions sheathing said tubUar- 
organ expansion unit when said tubular-organ „ 
expansion unit is attached to said tubular 
organ-expansion unit attaching portion said 

ZZT^T* ° 0mprisin ° « fl «**e catheter 
^ (131) having an inside diameter smaller „ 
than that of the outside dametar of thetuWaT' 
organ expansion unit in its expanded state but 7 
larger than the outside diameter of the Wxi*r- 
organ expansion unit in its unexpended state, 
said tubular-organ expansion unit being fixed to 

S^l 0 !."* 1 «"">" *"«" *• ccWLnatton 
of said tubular-organ expansion unit, said oath- 

^J£™2*£r^» «*• » that 
f^ 00 ^^^****** « a whole 
10 ^**m-*&**m* location of said 
1 unit 



2S 



30 



^StfS l Sr tMih °^*<*ameterof 

P*" 0 " ^ larger than th outsid 
Shi V** expansion unT^O) 

arched to said tubular-organ expansion uni 
^•ng portion (1 23) asSTLTSTUE 
expansion unit* in an unexpended state. 

mUT^T- Wf>ani0n according to 

(120) further com- 

acatheter lumen extending from said base por- 
Jontoat least a location in the vicinity of said 
distatend portion, and 

,™^ a ^^. bM * p0rton *» communicat- 
•ng with sad catheter lumen; and 

««fP««-fleway (124) being defred by said 

catheter lumen and said hub lumen. 

d*!?^ 9 "" 8XPan8W Watus according to 
dam, 4. wherein said hollow hub (122) corrprises 

ajbraneh hub having two ports (122A, 122B); 

■^^<i»)Dn*io*ononeofsaidtwo 

ports. 
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claim 1. wherein said catheter further compter 



so 



aP^eway (124) extending from said c«e 

S^!li 6 ^!_ ,0Crt0n * vWnrty of 
sad distal end portion; and 

cation apertures (125) for providing fluid com- 
^wation between said passageway (124) 
and said outside portion. 



Atubu^rgan expansion apparatus according to 
ZZZfJ*"* 1 to 5. *"er«n said catheter is 
f™^,^ « '«« on. x-ray non-fransmisBion 
Jjnw (127) in the vicinity of said distal end 

W expansion apparatus according to 
anyone of claim. 1 to 6 . wherein said catheter 
sheath (130) includes at least one of: 

an X-ray non-transmission material mixed in 

^^J^ IT «rker in 

th* weway of said disfctend portion. 

«jj»^to 7. wherein said catheter sheath (130). 

a . 8 fy extending between the frst and 
second open end portions thereof • 
a hollow hub (132) inducing a hub lumen on 
sari base portion; and 

a check valve (133) positioned in said hollow 
_ *» "rtroWng fluid communicating 
DOtwean said sheath lumen and said hub 
lumen. 



9. AtubuiwHjrgan apparatus according to anyone of 
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attaching portion SSJ"^ •Wm unrt 

equal in <*am«^o „^ "°J^ e J. UbS,amia ^ * 
side diameter are a?£a b0,h ^ «* 
inside diameter of said^l^ M8 to mG 
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f n ^-organ expansion apparatus as in 
'0. wherein the tubUte^aan^T cla,m 

^aped wires of shJS*£X »»" — 

sa-Por^^XTS^^S 
grven X-ray contrast. Y 10 

35 

13. A tubular-organ expansion apparatus accord™ - 

^ng a density higher OwZ^Z^Tj™* * 
«* shape rr^ry^™^^*"^ of 

14. A tubular-organ expansion 
cteim 12. whereii .aid X- 




*™*Wmfrwm pressed metal 



portion of said ■ 

having a density hJ.lT^i ^ prawad ^ 



PatsntansprOeha 



50 



*** in einem Lu^SH£l^ AU *^ 

einer Autwerteinheit for schtourw*^ 
^.(in).be«en^^^S 



■Sa^ST W8e »*«™ Komrast. der 
< " 0i "*> ^eisen 

h wt22T? ^"Xjedachtnisiegierunfl 

Au6erriur C hm^J n -.? d f^ chnrtt - *nen 
schnitt. d«#!Z£jg^ ^ 

schlauchtt££?«^ Aufwerteinheit fur 

^uT^^^ c ^ -en 
aufweist ZmZT? °* nen ^oabschnitt 
X^L^S? <*• Aurweiteinheit tor 

£22S^L^.' r '^teinheit 
achJauch n*n!m*L T todb,,n Kathater- 

nrtiiaucw^^T A^arteinhfct fur 

JESSE'S ^ 

umfeet: aer Wntter water 

•"•n Durchgang (124), d* tic* vom B«smai> 
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ZIL Endab6ch "^ und 
"erteinhert «*taucMOrmige Organa (1 10> m ,. 

at* ^nzsrss 

4- ^^O'richtung fQr schlauchttrmiQ. Organa 20 
nach Anspn,* 3. bei dar dar Katha^X' 

S„l?K e,er,Un ^ n ' ** Baaiaab. 
schnm bis zu wenigstens einer SteuTiTrtL „ 

^o^bene(em«n (122,. da. «n dam am ' , 
aaasabschnrtt vorgeaahanaa NabanetarMnt 
lumar , aufWrtst ummrtdam kXS," 
vertaundenzu sain: una , ■ 

"°b* der Durchgang (124) dun* das Katha- * 
teriuman und das m-k ■ rwie- 



20 



abschnitts. 



• ^^chjung ,o r schlaucttcmiga Organa « 
MdenOftaunganvorgaaahaniat .. °» 

Kathetarganausa oS^lT* * - h- *■ 



erstrackt; ° ff8n8n ^abschniftan 

JESSES. 1 ™ d " Rui ^- 

dam Ganausalumen und dam 
^■©•nelamentluman zu tontrolliaran. 

■^'JnZffa* 8ehtaueW *^ Organ, nach 

aungsabschnitts dar Aufwa«JZ*to. !I, 
Endabschnrtta daa Kaihat« Mam " dWatan 

™B« Organa (123) ba(af4igti8t 8Cn,aucW *- 



von: 



umtaet 



einam rt*^er»strahlarm*urc«*saig tn Mat.. ± 

na^varmiscrtmitdamMw^^^X 
geriausea (130) ; und w,f 

*"* rt^B^w^^nundurerilaaai- 
9en Markwrung in dar f Jaha daa dteWaneS 



1<l SSTS^ST 8 ^ ^^amtiga Organ. 
^"r*" ^rtewnandw, AnsSt)cr?b2 
a* dia Aufvvattanhatt fur 8crtaur^Zir«Z.-_ 
aua einar Qrupoa a^L^t^^ 1 ' 0r ° arM ' 

OM^lL£jiZ^ i0m * 0«««ba«rrniga 
^* *" Form O««crrtn'slagierung umgranzt *t 

dam Abacrmrtt d M Z^indarhflrp^ in 
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13. Aufwertvorrichtung fOr schlauchfOrmiga Organe 
nach Anspruch 1* beiderdas RdrrtgenstraWKon. 
tr^^hi^gsmrttei ein wenigstens auf dem 
Abschnrtt dss ZyJrnderkOrpers piattiertes Metal) 
umteSt. wobei das piattiert MetaJI dine hohere 
Dtcnte aJs die vorgegebene Dichte der Formge- 
ddchtnisiegierung aufweisl 

14. Aufwertvorrichtung fur schlauchforrrtge Organe 
nach Anspruch 12. bei der das Bcvngenstrahlkon* 
trasterhohungsmrttel ein auf wenigstens den 
Abschnitt des ZytinderkcVpers gepredtes MetaJI 
umteet. wobei das gepreftte MetaJI eine hohere 
Dichte als die vorgegebene Dichte der Formge- 
dachtnisJegierung aufwetst 

Revindications 

1. Dispositif de dilatation d'un organe tubuiaire ser- 
vant & imptanter une unite tubuiaire de dilatation 
dans la lumiere d'un organe tubuiaire du corps, 
comprenant en association : 



is 2. 
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• une unite (1 10) de dilatation d'organe tubuiaire 
comprenant un corps cylindrique de contraste 
dorme, fart en un alliage a memoire de forme 
bidirectionnelle ayant une densrte donnee, qui 
peut etre introduit dans un organe tubuiaire du 
corps et qui peut maintenir le diametre imerieur 
de la lurnrtre de i-organ* tubuiaire du cc*pi . r 
ledit corps cylindrique pouvant prendre de 
maniere reversfcle un etat contracts corres- 
pondent d une dimension radiaJe et un diame- 
tre exterieur donnee dans une premiere piage 
de temperatures irtf ensures * la temperature 3S 
du corps, et un etat dilate correspondent A une 
dimension radiaJe et un dtametre exterieur don- 
nee, plus grands, dans une seconds plage de 4 
temperatures sttuees autour de la temperature 
du corps, 

un catheter (120) comprenant une parte de 
base avec un certain diametre exterieur une 
parte d'extremrte dteaJe avec un certain dia- 
metre exterieur, une partie exterieure avec un 
certain dmmetre exterieur et une partie (123) 
de fixation AlfanWVauiton de rorgane 
tubuiaire dont la peripheries proche de ladHe 
Parte d'extrerntt* dstale, sert a fixer ladrte 
unite (110) de dUatation d'organe tubuiaire 
aucfit catheter, et 

une game de catheter (130). ayant une pre- 
nuere et une seoonde partes d'extremrte 
ouvertes, qui protege ladite unite de dilatation 
d'organe tubuiaire quand ladrte unite de dilata* 
tion d'organe tubuiaire est fixes a ladite partie 
de fixation de I'unrte de dilatation deJ'organe 
tubulaira ladite gaine de catheter comprenant 
un tube de catheter flexible (131) qui a un die- 
metre interieur plus petit que le diametre rte- 
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neurdelunitededilatationtfagan tubuiaire A 
etat dilate mais plus grand que le diametre 
exteneur de ('unite de dilatation d'organe tubu- 
iaire a I'etat contract*, ladite unite de dilatation 
d'organe tubuiaire etant fixee a I'interieur de 
faate gaine quand 1'assoaation de ladite unite 
de dilatation d'organe tubuiaire. dudit catheter 
et de ladite gaine est maintenue a une tempe- 
rature comprise dans ladrte seconde plage de 
temperatures, de sorts que ladrte association 
peut etre introdurte comme un tout au votsi- 
naoe de ('emplacement d'implantation de ladite 
unite de dilatation d'organe tubuiaire. 

Dispose de dilatation d'un organe tubuiaire seion 
« revendication 1, dans lequei (edit catheter com- 
prend en outre : 

■ une voie de passage (124) qui part de ladrte 
partis de base et s'etend au moins jusqu'a, un 
emplacement proche de ladite partie d'extre- 
mrte distale. et 

• dee orifices lateraux de convocation (125) 
en form e de pores ou de femes, qui assurer* la 
conmunication entre ladrte voie de passaoe 
(124) et ladite parte exterieure. 

i. Dispositif de dilatation d'un organe tubuiaire seion 
* reve**fic«*c* z. dans lequei rWiu moihs du die- 

... mo1r * «erieur de ladrte parte de base et du dia- 
m*» «**lacr.f^l^^ cistale 
est plus grand que le diametre exterieur de lacfte 
unite (1 10) de dilatation d'organe tubuiaire fixee * 
lacfte parte (123) de fixation d'unfte de dilatation 
d'organe tubuiaire torsque ladite unite de dilatation 
d'organe tubuiaire est * I'etat contract*. 

Dispositif ds dilatation d'un organs tubuiaire seion 
la revendication 3. dans lequei ledrt catheter (120) 
comprend en outre : 

- une lumiere de catheter qui part de ladrte partie 
de base et s'etend au moins jusqu'a un empla- 
cement proche de ladite parte d'extremrte ds- 
tale. et 

- un manchori creuxlta^a^ant une lumiere de 
manehon, place en ladite parte de base pour 
communiquer avec ladite lumiere du catheter. 

ladrte voie de passage (124) etant definie par lacfte 
lumiere du catheter et ladrte lumiere du manchon. 

Dispositif ds dilatation d'un organe tubuiaire seion 
La revendkarton 4, dans lequei ledit manchon creux 

(122) ( * 



un manchon fourchu avec deux acces (122A. 
122B). et 

un dapet antf-retour (128) place sur I'un dee- 
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drts deux acces, 

6. Dispositif de dilatation d'un organe tubulaire selon 
rune quelconqu* dee revendications . t a 5, dans 
lequel I edit catheter comporte au moins un repere 
(127) ne transmettarrt pas les rayons X au voisi- 
nage de ladite parte d'extrerrite distaie. 

7. Oispositif de dilatation d'un organe tubulaire selon 
Tune quelconque des revendications 1 a 6, dans 
lequel ladite gaine de catheter (130) comprend au 
moins : 

sort un materiau ne transmettant pas les rayons^ 
X, melange dans le materiau de ladrte gaine de 
catheter (130). 

soit au moins un repere ne transmettant pas 
les rayons X. au votsinage de ladite parte 
d'extremite dstale. 

8. Oispositif de dilatation d'un oro^r^tubujake sjtoa, 
rune quelconque des revendlcatens 1 

lequel ladite gaine de catheter (130) co mprend 
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11. Oispositif de dilatation d'un organe tubulaire selon 
la revendication 10, dans lequel ladite unite de dila- 
tation d'organe tubulaire est un corps cylindriqu en 
forme de treillis forme par de minces firs en alliag 
a memoire de forme tisses. 

12. Oispositif de dlatation d'un organe tubulaire selon 
I'une quelconque des revendications 1 a 11, com- 
prenarrt en outre un moyen d'ameiioration du con- 
trasts aux rayons X sur une parte au moins (10a) 
dudit corps cytindrique (10) de ladrte unite de dila- 
tation "d'organe tubulaire pour ameJiorer le contrasts 
aux rayons- X de ladrte parte au moins dudit corps 

■ cyinp>ique par rapport audit contrasts aux rayons X 
donhev - 

13. Oispositif de dilatation d*un organe tubulaire selon 
la revendication 12, dans lequel ledit moyen d'ame- 
lioration du contrasts aux rayons X comprend un 
metal plaque sur ladite parte au moths dudit corps 

. c^findriqut. ledri metal plaque ayant une densite 
* v j§g«*wi* «iw ^*<**te donnee dudit aJliage 
^a^rrtoiraloStonm _ 



une lumiere de gaine qui s'eterrtentr* see pre- 2r-tt. r 0kap&fct de dilatation d'un organe tubulaire salon 



mi ere et seconde partes d'extremite*, 
un manchon creux (132) avec une lumiere de 
man ch on sur ladite parte de base, et 
un tiapet amwetour (133) place dans ledit 
manchon creux pour commander la cornmuni- 30 
cation des fluides entre ladite lumiere de la 



la revindication 12, dans lequel ledit moyen d'ame- 
liorattori du contrasts aux rayons X comprend un 
metal press* sur ladite parte au moins dudit corps 
cytindrique, ledrt metal presse ayant une densite 
plus sieve* qua ladite densite donnee dudit aliiage 
amernoire de forme. 



gaine et taotta turn!*** du ntmm* --**s *&~ r^:y«rev 

Oispositif de dHataiton d'un organe tubulaire selon 
i'une quelconque des rsveodications t 4 8, dam 
lequel le dtametre exterieur de ladrte parte de base 
dudit catheter (120) et le diametre exterieur de 
ladite parte (123) de fixation de rurtft* de cfflatatfon 
d'organe tubulaire proche de ladite parte d'extre- 
mite distaie dudit catheter (120) sont sensttement < 
identlques entre eux et lesdtts deux tfamttres exte- 
rieurs sont au iuunv*¥ji£^ 
ladite unite (110) a* M^d&W 
quand ladrte unrt*-ott ril^s^^tdafe ? 
estaretatootttsttfrofrsote 
de dflatattan dori^ ToK^ 
ladite parts (123) da fixation de runite de. cBataflon 
d'organe tubulaire a une ternperature situee dans 
ladite premiere plage de terrpsraturee. 




10. Dispositif de cfilatation d'un organe tubulaire selon 
I'une quelconque dee precedents* re 
dans lequel tadrte unite de dU*tation tfd 
laire est choisie dan* un group* cornprenant un 
corps cytindrique de forme heecoJda!*, un corps 
cylindriqu* ayant un* section >«n fonmd**pitsi*5. 
un corps cylindriqu* fendu dans I* sens de fa lon- 
gueur et un corps cytindrique en forme d* treillis. 
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FIG. 3 
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(A) 



FIG .6 
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FIG . 9 
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